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Thig is a report on Phase [ of the Pressure~Heigh! Prediciion
Projeci. It describsa the resesrch comducied at Bureau of Aaronautics
Project AROWA under the spansorehip of the Armed Porceg Speclal
Weapons Project on Phege U of this projeat.

The report {g dividsd fnle thres volumes, Volume ! containg a
briel summary of the problem end reseacch acceomplished to dete, a

lgcunsion ol scre [mmedisinly operaiivual procadursa, an outline of
the metesrological topice i Volume i, and of future planned research.

Yolume 51 I8 deaigned primarily for metoovologists. It containg
g more complete and techniczl discussion of prediciion parameters and
technicues. An atteropt is mads o objectively degeribe the flow patterns
s 500 mb vaing both hiatorical and newly devised modeis, The synoptic
gignificence of long wavyse, blocking, g@amt:;éphic wind profiles and their
rziation to the proposed operational procedures ars outlinsd,

Volume 13 18 operational in nature and includes exampics of the

applicaeiion of the meteorclogical psrameters to the forecsst problem.,
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L SUMMARY

Phage Il of ihs Pressure~Height Prediction Project 1g aimed at
wrovidioy technigues for fuiflling the meteorological requirsments of
maro~fusing nystems, inckiding the prediction of iypical atmospheric
pirucivres prevoiling at designsied arcus, the production of a grapgk of
pradicted pressure aliitude versus actual altiteds above mesn mea level
for designated aress, an ecallmsate of he accuracy of metsorological pre-
dictions with vagard 1o the astimaled gslendard devistion of gressure-
altitude prediciion sa a function of geographicsl loculion and time of
year, and he magnitude of errors lavoived in the ssisclion of preasure
aldtudee directly from grophs reprecentative of numbered stnespheres.

Technigues for predicting pregeure ailitude at glven grometric
heights have been devzioped for various conditdons of metsorclegiszal

"o s

date gvaiispiiity exd pperstional procedures. The three bagic condlitioss

- k3

of meisorviogical dats avallability congidersd inciude:

18} Cosaplete date svailebility. {Thdis condition is cousidered pre-
sent in pesos, and under wartime conditions if Iree internaticnal
exchange of meicoroiogical oheervationg ware maiatsined),

{b} No dale avallnsility., {This conditivn would be snccuniered by o
foracast group %’id‘f’iﬂg no analyzed meteorologion? datal,

¥

{2} Part d.i data svalisnbility, {This condilion ssgumes data coverage
over a portion of the hemisphere und abrence of data oyer the
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remainder. It will be encountered primarily when a prediction :

is reguired for an area from which no meteoroclogicsal datz is 3
recelived).

Under data condition (a) above, the metecyrciogist will pregare

his prognestic charts for various pressure levelr by standardized tech-

nigues in dally use, Pregsure-height computstions are then made to

rredict tha pregsure altitude at the appropriate geometric height. The
tschnique which was particulsrly designed to facilitate this type of com-
putation is fully described in Appandix A to the First Progress Report
on Phase I of thiz project, entitled "Use of the PASTAGRAM in Pres-
gure~-Hoight Computations™. This hag been further distributed ag

MAVAER 84~1P-301 with the gams ile. I provides & means for ob-

taining sccurats values of preasure altitude undsr thie condition of daia
avsilebility.

Inder dats condition (b) sbovs, & prediction must be based upon
climatoiogically probahle values, To provide climatological walues for
all poinia in the novthern hemisphare, & compleie ast cf noemal sregsurs-
2iitude charis for the hemisphere for sach month at thovsand-foct lavels
rora the aacface to 10,000 feet was conmiruated. These charts sre con-
tained and their ues fully sgplained in Enclogsure 1 {o the Second Progresy

Renort on Phage I of this tagz. They have beon foriner distribuied ea

NAVAER 80-10-5802 entitled "Normsal Pressure~Altituds Charts foy the :
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Northern Hemisphere', These provide u means for obtaining the most
probable vslues of pressure altitude under conditions when meteoro-
Ingical data is completely lacking. They also provide a consistency
check on forecasts prepared with compiets or partial date aveilability.
Uader data condition (¢} above. the complste range from normai
availability to fotal absence of meteorologicel data is exporienced. Ik
is on thia condition that the greatest research effort has been applied.
For targets lees than 00 miles within & “blind area” (devoid
of metsorological data), extension of procedures emplioyed under con-
dition {(a) {complete meteorological date available) are utilizad. For
targete more than 300 milea within & biind srea, spzclal techniques
are required. These techniques provide s aeries of refinemenis to the
climatological prediciion of pressure altitude. They axre based an
prediction of atmogpheric circulation features inveiving largser areas
and longer time intervals than employed in conventionsal forecastisn.
When the sree without data is large, the forecast must depend upon
laxrge scale, slowly moving features of the circulation. Theas are the
faatures which produce large snd persistent anomalisg in pregsure-
aititude values., Hence the prediction schemes based on them are
inoat auccesaiul when the departures from climatological values are

inrgs,
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™ ¢ 1 showa the genersal predictivn scheire under data con-
P

dition (c) where the forecast ig to be made for a blind grea, Detalis

of this procedure are contaived in the main body of this report.

In addition to the prediciion technigues which may be applied at

2 mejeoroiogicel forecesting center, methode for obiaining pressure-

- FlishT
sitilude vgluegzle"?als from navigational parameters, or simple meteoro~

logical obaervations, svailable in the delivery aircrait under differing

operational procedures ave discussed. In particular, methods are

degceribed whereby pressure-sltitude values may be obtsined by persgon-

nal in delivery aircraft which, (a), approsch at low lsvel and then ciimb

to a high level from over a gurface of known height, and, (b), which
approach at high level and can detormine both their true and pressure
altitudea at flight ievel at gomne point during the flight, aven though far

removed {rom the target. The decails of these procedures and results

of operationel iests are containad in Volume I - Chapter I of (hia
report.

The pradiction of apprepriete numbered stmeaphrres, axira-
polative procedurss involved in prodiction technigues developed in the
main body of the reporti, and the srrors in termis of the esiimatsd
stoanderd deviation of preasurs-altitude pradiction as a function of

geographic oecaiion and tlme of year are discussad,
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All aveilable hislorical date at 500 millibary (preseure altitude
of 1%, 280 feet) wers proceszsed xith the aid of panched card machines.
A climatology of heightz at 328 miilibars was obisined. Tahulations
of the Iraquency distributions of heighis and 24-hour healght changes
were prepared  The seascrnual and geographic vasriation in the heigit of
this surface iz shown in Figure 2, Figure 3 illustrates the range of
a>tual heights at this pressure lovel in Aprh. SBamples of the frequency
disteibutions of the heights, llustrating the geographic variation in the
shapes of the distributions, for January are ghown in Figurs 4.

Figure 6 illustrates the values of forecast ervor at 5, 000 feat

over a portion of the hemisphere during April. The iBopleths of fore-
cagt error represent the valiues which will not be exceeded 88% of the
tdme. Thez2 vaiues shown ior April are intsrmediate hetwesen the

largsr Janmary velues and the smaslier errore in July. They approzimate
an annual average.

The major portion of the resesxch effort applied to Phase II of
the Pregsure-Height Prediction Project was directed st providing en
objective aystem for forecasting pressure height at the 500~millibar
level {18, 2380 feet), and eztrapoleting downwerd, or upward, through
the astimosphere to any deaired lavel,

In effect, the procodures developed yield a prediction at the

300-~-mililbar level and regquire an extrapolation based upon the slope
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Figure {2}, Seasonal and (eograpuic Variation of 500-mb Heighis
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of & line through that level on & thermodynamic diagram. A setof
chartg for thias exirapolaiion under normal conditions {8 contained
in Volume I ~ Chaptex IV.

A simultaneous prodiction of the pressure height of the 500~
millibar suriace snd at sea level with intermediate values obtained
through interpolation will provide considerabiy more sccuraie values
of pr&é:aure height for the lower levels of the aimosphere. Work was
initiated to develop a procesdure for sccompiishing this. At the same
time additional research was undertaken to increasc the accuracy of
860-millibar prediction, and to investigate the role of voriicity in the
development of circulation festures &t iz level.

The Armed Forces Bpeclal Weapons Project is supporting
this continued resszerch at Project AROWA, and under contract

through AROWA at the Aerophysics Research Foundatlion,
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. DISCUSSION

Becauge of the apparént incrosee in height of the level for
which {orecasts may be deaired, and the availability of raliable date
on which to bese the developmen: of an effective prediction technique,
the 500-b pressurs envelope was selected as the level at which i
techniques for a basic prediction would be made, Further techaiques
wouid then be applied to compute the presgure height at say presceibed '
sltdtuds,

The basic data utilized in this development has baen provided
by the analyrzed series of 500-mb charts contained in the Northern
Hemisphere Hislorical Weather Maps., and the Dally Series, Synoptic
Weather Mape, publiched by the U. 8, Air Force and the U, S, Weather

Bureau, rezpectively.

Attention hag been concentrated on those patierng which are

_either readily racoygnizable, or represent extreme velues of height

or 24-hour height change in the areas of interest, Forecasts for the
remalnder of cases not ?.ncluded in the system must then be based on
the hesat available climatological figures.

The veriability of pressure, or pressure altitude, is a function
of season, latitude, énd synoptic gituation. The relative importance of

different levels in producing pressuce changes varles geographically.
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If a knowledge of the permiasible error were available, it would be
possible to outline the geographic limits where pure climatclogy would
provide Pl gi anawers. In the sbeencs of such knowledge it has
been feasibles only (o present chariz delinsating the error, or variability
for arbitrarily selectsd ranges of pregzure altitude,

The accuracy of any prediction scheme i8 a function of the diffi~-
cully of the prediction. This, in turn, is a2 function of both the pressure
variabdiity and ihe quantity of duta availabie,

Early in the study, attempts were made to develop an empirical
objective scheme for relating preassure altitudez at fixed geographic
points with ayn;tptic patterns. Thege showed the need for a sound phys-
ical synoptic approach and the application of synoptic models rather
than siraight empiricism,

The forscast procedures are fanctions of the season, the pres-
sure aititude required, geographic location, the availability of data, and
synoptic conditions. With the development of an adequate climatological
svatem (o provide answers for the central range of values, the impor-
tance of recognizing situationa resulting in large anomsaious values be-
comes paramount. In the absence, or partial absence of data, the ex-
tension of patterns in space or time ig required, Fortunately the large

acale features of the atmospheric circulation, which produce the major

anomalies, are seen mest clearly when a smoothing technique in space

CONFIDENTIAL .
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or time is emplioyed, Thus the techniques which have already been ex-
tengiveiy investigated by research and operationsl grougs involved in
long-range forecasting are the nnes most appliceble to this problem,

Esrlier progress reports on this task streseed the importance
of blocking patterns in the 500-mb circulation,. 238 have most studies of
long-renge forscasting. Theoretical models of the atmospheric circu-
lation contain a beit of westerly wiads irs middle latitudes undergoing
a wave motion. The charscteristice and motions of these waves in thé
wesieriies have been intensively studied in recent metecrological his~
tory. During relatively long periods of time the progression of the
weve pattern iz blocked by persistent high preasurs arcas in the upper
atmosphere. ‘These blocking patterns are responsible for large anom-
alies in preasure-height cyer apecific geogrephic areas, Recognition
of a dlocking pattern is eswentisi to the success of any pressyre-height
predictlion scheme.

Though long weves and blocking are treated separately in Vol-
ume I, their shudies are intimalely related. A portion of-the regearch
on this task has been devoted to inveatigationa of procedures for objec-
tively locating and describing the long waves. A review of long wave
analysis, a description ol time averaged charts, the results of research
utilizing space averaged charts, an analyais of blocking and zonal wind

studies are fully discussged in Volume Il
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. N FLIGHT COMPUTATIONS

A. Vertical Ancen_t

The vaiue of the presasure aititude or true altitude ai desired
levels in the atmosphere may be computed by personnel within an sur-
craft if the valuez of both aclusal and presesure altitudes at any level ars
measursd and incwiedge of the vertical atmozpharic temperature distyi-
bution is avsiiable. The procedure empioyed is illustrated by Erzmples
1and 3 of RAVAER 506-10¥-801, "Uss of the Pastagram in Preamuwe-
height Computations”. The gpecial case wherein the temperahire die-
tribution is cbizined by direct miessurement from the airceraft is demon-

strated bhelow,

{1; Obtain = valuz for the geometiric height at the basge of the ascent,

This may be sccompiished by a radio altimeter if over & locution
whose helght 18 known, such as open ses, inland lsks; plateau or
osther flat terroin of known height.

{2} Cbtain & simuitancous value {or the pressure altitude at this point

from the pressurs alilmeter,

 The altizaeter setting shouid be adjusied to 28, 82 and the pressurs

altitude read directly.

" {3} Subtract the value of the pressure altitude (Zp} from the geometric

height () to obtain 2 value of the "altimster correcrion® (D) by
the cguation:

e & - Bp
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(4} 2t fremuznt intervais during receni {avery one thouzand faet of
presoure Rldiude) record values of pressure saliitude and of fres
air emparsiure {(dermometer reading corvected for true zir
epecdk

{2} Plot these valuea on A Pastegram for sach jevel from the bage o
the top of the agcent.

(8) Count the rumber of 10-foot areas contained on the Paastagram
between tra plotied sounding and the gtandard atmcephers ilne
frem the kage of the sscent io the doajrad level. Aress to the
right of the ztenderd atmosphere line are counted ar positdve.
Those to the left are negative,

{7) Adad olgebraicelly the number of 10-foot areas obtrined in Step 6
to the valus of the altinieler xrrection at the baye of the agcent
chiained in 8tep 8. Thie will yleld the value of the aitimeier cor-~
rection (D) as the desired level,

{8) Apply the squation:

B Zp4+ D

to obiein the geomaetric helght at the przssure height nearent tha
desiresd level.

{8) Apply the same equation to obisin the geometric height at the next
highex, or lower, measured pressurs sltitude io bracket the de-
gired geomeiric height. (Remsembsr to ndd or subtivact ax appro-
priate {o the value of D the nwmnber of 10-foot arsas included in
this thickness of the stmgsphers Babrosn the level of Step @ and
ihis new levsl, '

{10} Fing by interpolation ihe presaure altitnde at ths deeived georset~
ric height frow tha valuses of geomelvic height (F) and preseuss
)ititude (&P obtained in Stspy 8 and 8,

When the gromeiric height can be measured directly with a radar

altimetar over a water or other flat purface, the pressure altitude may

be obtained directly {from a pressure altimeter set of 20.82. To oblain
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e graph of true aliitude ve. presssure sltitude under thess conditions it
i necessary only w record the readings of redar and pregsure altlmeters
regpectively during the azcent.

Through the cooperation of 8 Heavy Attack ‘Fraining Unit, over-
ationel tegts of the procedurs were conducied, I was found that the
prosgure aitimeters and thermomefers in all aircraft involved had to
he cellbrated. Once this was accomplished the resalia attained Indicated
the feaginiiity of uwiilizing this lechnique in operstionsl type aircreft on
a routine bemsis, Figure (8) lilustrates an example of the form of Pazte-
gram used for thege temig with & plotied soundings., The data on this
flight were obtained on 18 October 1883 at 0840 in the viclnity of Capo
Hatterasa N.C, Al the 8,000 foot lsvel, the height waz compuied and

compared with the two radar altimeters instziled in the aireraft. ‘The

resuite were:

Indicated pressura sltitude 2, GO0 fect
Pasiegram SS86AE5MER + 33C feet
(33 aguarce, each worth +19 feal} S

ESRESALEE altitude 8, 330 feet
Radar aldmeter #1 g, 320 feet
Radar altimeter #2 8, 330 foat

: RETLe _ ;s . 5 ;
é@%ﬁ% i 23 soundings obisined from these aircrail with
radiceonds chbaervaiions showed that differences at the 10, 002 foot level
vanged from ~180 to +80 feel while the absolute value of the sverage

difference 2t thie level was 32 fapt,
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8. Borisopiel Filght

The geometric height of an alrersft which has fiown scrote a
esosst line or vver land of known helght may be computed from pavi-
getional wind data. Since it ia often quite difficult o dstormine rcourately
the height of » pariicular lend surizce beneath sn alrersit, a compmtat.on
of the alrorafi height from navigationnl parameters will often be required.
The succssgtul computation requires s knowledge of the geometric and
pressurg aititudes of the alrerafi at some previouz dme, ths ned wihd
drift since that time and the preasure aititude of the plaus at the da-
sired point.

Utilizing boih prassure aud rader aldmaters while over watar,

o terrein of known haight, & computation of tha difference (D) between
thoss is mwde, by ths equation B = £ - &p, where & = true altitnds and
Zp = proageucs aititeds, Idrect wind obasrvations 2t tha fight level of
the atrarafl sre meds, weually by checiing the navigallon, The chauye
in the valug of I ot the Dight leysl, which lg at & congtant prm;mrs
purface if flight is maintained &b a conaient reading of he presaure
altimeter, between the ocbservation point and eny desired point to which

the plane travels is computed from the eguation for the geomtrophic wind,
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Here, V, is the component of the wind in knots normaeal o the line joining

the twe pointa
& is the letitude of the mid point of this line
g0 i= the value of the change in D in feet at fight level

& n iz the distence in nautical miles between the two points.

Since the value of the change of U iy required, the aguation is
rearrang=d and written in terms of finite differences. It the= has the

form

ADw Vp8ine An
21.4

Here the meanings and unite are the same as above, except that the
aymbol 3 has been replaced by A . The latter mzuam;tx is Bolved for
AD. Thin change in D ig added algshraically to the esrlisr observed
vaiue of D to obtain the value of D at ths desired point. This value is
independent of foracast exrors and of any censisnt instrumental srrors

2f the preggure alilmeter.

The geosmauotric helght (&) of the alrcradi ia then chiained by

sdding the value of D to the prossure sititude (Bp) given by e altimelsx,

e Zp+ D
A cslculation of the preesure helght ov rue height ! any peint
pelow the aircraft rosy then be made by use of the Partagram, if a

prediction or mesaurement of the atmasphesic structurs {8 avallable,

» L
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In the absance of an obsarvation, either the pradiction of the atmespheric

structure (expressed as s gounding or the atmospheric numbar provided
by the forecaster) or downward extrapolation by the coefficients of Fig-
ures {7) through (30) of Chapter IV may be utilized to obtain the prea-

aure altitude at a lower geometric helght.

The example below illustrates the computation at flight level:

A plane flying at 4,000 fee* by the preasure sitimeter crosses
a coast line toward land. The rader sitimeier indicates the true height
of the aircraft to be 4, 450 feel. The flight path carries the plane 1, 200
miles inland. Wind drift checks reveal the average cross wind along
the flight line to be 40 knota from left to right. The latitude of the
mid point of the flight path is 48°N. The geometric height above sea

lsvel is computed as follows:

{1) D at const is 4, 490 feat -4,u00 feet s +450 fect

Vasind aAn
2 Fad
(21 aD = By

~40 x . 743 x 1200
3T i * «]1,86687 feat

{Since the wind was from the left, he is fiying towsrd lower heighta.

LD =

Hence the A I is negative)

The D at terminal point 18 +480 - 1,867 = «3, 177 feet, and the

geometyic height above gon level is found hy:

Zz = gp'f}) £¢4,0Q0~1.177“2,823 foet
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IV, VERTICAL EXTRAPOLATION

The end product of & complete pressure~height prediction is a
graph of pregeure altitude versus true height through the range of heights
desired. To attain this result & complete prediction of the atmoaspheric
structure is required. Under many of the operational conditions visu-
alized, such & complete prediction is highly improbable. Reasonable
approximeations, hcwever, may be made by several alternative methods,
A few which are immediately applicable are outlined below.

¥ a prediction of the height of a constant pregsure surface is
made and a knowledge of the temperature distribution is avallable, ap~
propriate tables or the Pastagram may be used to compute pressure
altitudes at all desired heights. Under anticipated operational routine,
& forecast of the height of the 500~-mb surface will be made, as well as
s prediction of an simospheric number corresponding to the sppropriate
lapee condilicn. This provides an approximation of the needed puram-

eters for coustruction ¢f the desired graph of pressure altitude against

true aludtude.

Sete of tables were constructed for each of i:he"numbe;»ﬁ’&moa«
M'/’

.

phores in use. With these tables and a predictisn of the 500-mb height,
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the meteorclogist could compute pressure &t any desired height, Unfor-
tunately the numbered atmospheres wers replaced with 2 new wet, theveby
making the tables cbsolete, The new numbered aimospheres have been
requested, but have not been received at Project AROWA., New tables
will be computed for these atmospheric structures for inclusion in a
future report,

In the absence of a knowledge of the atmespheric structure, a
reasonable approximation of the pressure altitude at any height may he
obtained by vertical exiraspolation, either up or down, from any pressure
envelope whose height is known or predicted.

The twenty-four charts on the following pages provide the coef~
ficients for this extrapolation. They represent the normal rate of
change cf "D" for each thousand feet within each of two layers of the
stmosphere. There are two chexts for each calendar month, The first
provides the normal rate of change of "D" between 700 mb and 500 mb,
while the second shows the normal rats of change of "D" hetween the
surface and 700 mb.

To uae these chariz, a forecast of the 500 -mbheight i obhtained.
Thig is then expressed in terms of D at 800 mb. The first chart for the
appz;wiau month iz entered at the proper location and the cosfficient
for vertical extrapolation to 700 mb obtained. If the desired orediction

b kT
level ig between 700 and 500 mb, the D" at the appmpriateﬁ? computed
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directly, If the desirzd level is below 700 mb, the "D" at 700 mb is
computed from the first chart and the 500 mb prediction, Then the
second chart 18 entered to cbtain the coefficient for extrapolution to the
desired level. Thiz is {llustrated by the example at the end of this
chapter,

The procedure outlined here is in effect a "slope-intercept"
scluiion to & graphicel problem, The intercept of the height at the 500-mb
level is. given by the forecagt utilizing the parameters discussed in vol-
umes 2 and 3; the slopes for extrapolation are given in the 24-charts
included in this chapter,

It is evident that a closer approximation may be obtained by
using direct inierpolation between two points fixed on & line than by
this slope~-intercept solution. For this reason, the fature work, de-
scribed in Volume 2 is aimed at providing procedures for obtaining
gsimultaneous prediction of height, and thus "D" at both the 5 05 mb and

surface levelsg,

Example of Vertical Extrapolation

Problem: Predict the presgsure altitude at 8,000 feect over Gibraltar on’

July 15. Assume the SU%-mb height in predicted to be 18, 500 feet.

(1) Convert thia to "I':
D=2~ &p

D= 14, 500 « 18,280 = 1, 2320 fest
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{3} Chbiain the normel rate of chengs of D between 500 mb and
700 mb:

ward
Tlde is the inverse of the gggwr extrapolation figure given

fozr 700 b o 500 mb on the chart., Thus it (s reed ag -85
feet per thouaand.

{3) Multiply this coefficient by the number of thousand feet
{pressure altitude) of downward extragcliation to 700 mb:

18, 280 fact - 9, 880 feet = 8, 4 thousands of feet
8.4 x (-65) = -546

{4) Add this aigebraically to the "D" at 500 mb obtained in
Step 3.

1,220 - 546 = 674 feet A

Thus ths "D" at 700 mb is +674 feet, gnd the 700 mb
purface is at 10, 554 feet.

*

{6) Find the distance required for exirapoiating from this level
to the desired level (5,000 feet)

10, 5564 - 8,000 = 4, 564 fect

(6} From the second July chart obtain the coefficient for
extrapolating frera 700 mb dowaward:

This will be ths inverse of wpward extrapolation Hgure
glven on the chart, snd iz seen to be .~41 feet per thouasnd,

{7) Multiply the coeificient by the distance in thousands of fest.

~41 2 4.5 » 184,85 feet

(8) Add this slgebraically to the "D" at 700 mb to obiain the
"D at 6, 000 feet.

674 ~ 184 = 480 fect
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{8 From the equation Xp » £ - D find the pressure altitude
at 8, 000 foet:

ap = 8,000 - 450
Zp = G, 510 feet
Angwer: The pressure aititude at 6, 000 feet over Gibraltar on July 15th
when the 500-mb height is predictad to be 19, 50C feet is com-~
puted (o be 5, 510 feei.
This problem was worked on the 15th of a month, since the charte
are directly applicable on that date. Xor all other dates, linear intsr-
polation of the coefficients for the desired points between the 15th of the

negragt precedmaand following chaxt may be made,
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V. ERROR ANALYSES AND CLIMATIC STUDIES

" In any meteorological Jorecasting problem the meteorologist is
materially aided if he has evallable a knowledge of the errors resulting
from varicus pradiction schemes. A sound knowledge of the frequency
disiributions of the parameters he is io forecast is often fundamental,

This i8 usuelly obiained from cl!matic studies of various types.

A, Error Anciyees

Bubsequent to the analysis of WBAN analysiz center prognostic
errors veported fuliy in the Final Report on Phaes I of the Pressure-
Helght Prediction Project by AROWA, the Meteorclogical Division of
the 'Aerophynicz Research Foundation, under contract to Project AROWA,
conducted e further Invesiigation of errors attained in various prediction
procedures. Comparigons were made of the forecast accuracies of; a
akilled forecaster, zonal theoretical forecasta and linear zonal extrapo-
lationa. It waas determined that forecasts prepared by a skilied fore-
cagler sxperienced in long-range hemispheric forecasting will predict
the height of a constant prosgurs surface with greater acouracy than will
s forecast prepared by uge of & porsistance technique or of the one di-
mengional numerice! fnrecaat schema, Additionally, tests indicated

that an sxperienced forecaster wes considerably more accuraie than
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satiroates derived from linear zonsl exirapolation of isallophyptic
centers.

These invgstigatione s?,\gbs?"‘nﬂuted the concluaions resched
independently at ARGWA that the techniques employed by foracasters
exporienced with iong-ra.nge forecasting technigques provided the most
successful forecrete yot devsloped. Concentration of attention on these
techniques and their formalization into a useéable prediciion gcheme was

indicated.

B, Cilmatic Studies

Ag Indicated by the achematic diagram of Figure 1 in Thapter I,
& knowledge of the climatology of the parameters to be predicted is
basic to any successful prediction procedure. The required climatic
information inay 'auume many forms other than the commonly encoun-
tered sefs of émmuci fouxid in climatoiogical summaries. '

in thefe investigations the 300-mb surface hes been congidered
ag a lei;’él of .primary interest because of its physical characteristice
reiating fo the pressure-height parameters required. A climatlology
of the d00-mb surface had never been prepared, largely because suf-
ficient data ha'\d nevér before been agseinbled in useable form. With
the ald of the mnchiﬁe tebulation ecuipment at the National Weather

Records Center at Asheville, N, C., a climeatology of the §00-mb surface
CCNFIDENTIAL
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wag develop=d., Thiz zasumed the form of mmerous inbalsiions and
frequency distribetions of height and 24-bour helght change dats; sin-
atical teblue and graphs pertaining to the frsquency, ntengity and
duration of recognizable swnoptic patterns such sz biocking, lony waves,
ste; spatis! distribution charts for several formsa of frequency tobulutiona
of haight duta; sectionsl and hemispheric spatial diagrams and tabieg

of monal wind speed data and tubles of clzeses and limilz derived frowm
thess., Simultaneous studics of the synopiic climaiology of recognizable
patterns were undexriaker at AROWA and st the Aeroghyaics Research
PFoundation,

Thase clix;;atic investigations provided much of the besis for the
material contained in Volume IX of this report.

Climatic information on the diatribution of 500-mb heights and
SGQW chénées for each grid point on a §° latitude-loagitude diamond
grid for sach hall of all calendar raonths, as described in Progress
Report No. I - Phase U of this project, was summarired in tabular
form. An sxample of the tabulations for the first hali of January, for
the pericd of available records, at 45°N, 160°W is shown i (31}, A
total of é,ﬁ&-ﬁ auch tebles were prepared. Tho material they contain
was utilized in gaversl studles yelsting to thie task, Churts were con-
atructed of the gpzcs distributlan of the totel range of helghia for each

half month {(averaged over 7 yeary), the space digtribution of the range
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of helght valuex including 88% of .uil obgervations, the geogiraphic diz-
tribution of frequency dizgrama of height and %4-hour height change and
the distribetion of specific chavacteristics of these froquency distribu~
ticnz. These are not all reproduced in this report, as the information
they contain hag not been fully processed and the inclusion of such &
bulk of tabular material is unwarranted,

For the studiss of large scale circulation features, a zel of
500-mb charts smoocthsd by means of time averaging over 5-day paricds
was constructed, This wae accomplished by having the punched card
machines add the heighte at each grid point for five succesaive daya,
then drop the firet and add a aixth day, etc. The tabulations of the
helght sums were plotted and analysed at AROWA, resulting in a seven
jrear sample of e_pfwecuﬁva 5-dey mean 500-mb charis., A sample of
suci a chart is shown in Figure (32).

For the study of 500-mb height patterns related to extreme
anomalies at ssiectsd geographic points, height sums at sall grid points

were Heted for the 20 dates having the highest recorded heights and the

%0 dates having the lowest recorded heights at each of 16 selected grid

points over the Eurasian continent. This was accomplished by the tab-
flaling machinea. The values were then plotted on charts and analysed,

The resultant patterns are discuseed in Volume IX.

CONFIDENTIAL

; 3 for g VR
T RO o, 41 L TRy
o .-&&"ﬁj‘\‘ﬁ _=§~'_ g

iy i S T
A FY SR e B s ey 3

T e B ) a8 AR IO M R "ﬁflﬁﬁlﬁﬂﬂiﬁﬁﬁ 'if' -

ey iy gty : TR e

P VE. Lne B AN TR e s et i de Tyt g < ¥



CONFIDENTIAL

S S R R T T e

2 Lo . " 27 DEC- '95'
x 23 ‘ v L s . 800 MB.
* ' ) * B DAY COMPOSITES

‘ .
. ' o L. /i‘:\"-’%‘/rﬂ« \
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To obtain information on the relaticn of the zonal west wind com-~
ponent to large scule circulation atniomelies, the heights at the grid points
on each latitude belt were summed by octants and the hemisphere. The
differences between the sums for adjacent latitude bands in each octant
and the hemiaphere were obtained by the tabulating meachinee. From
these the zonsl wind values were computed in meters per second for
each latitude band in each octant and the hemisphere for individual days,
three~-day rolling means, and consecutive half monthly periods. These
wre discussed in detall in Volume I, Chapter V,

Bariy attention was devoted o a study of the synoptic climatslogy
of blocking patterng. Theee were discumsed in the firet two progreas
reports of Phase II of thig tesk. A further discussion is contained in
Vohumne o, Chapter IV of this report.

The Aerophysice Research Foundation, as a part of their con-
tract work on this project developed a climatology of irapped lows,
which {a contained ir their report to Project AROWA. Though it is not
reproduced in full here, the resulta of the study have been incorporaied

in the blecking zection of Volume [, Chapter IV of this report.
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